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Technical discussions on aspects of the project have taken place over the past two years.  In Summer 2009, Daniel Steffy (PhD Student, GTech)
spent 8 weeks at ZIB, collaborating on computational aspects of the project.  In Spring 2010, Kati Wolter (PhD Student, ZIB) spent 8 weeks at
Georgia Tech, continuing the computational work.
Other Collaborators or Contacts
Dr. Stephan Held from the University of Bonn, Germany, spent the academic year 2009/2010 at Georgia Tech as a Postdoctoral Fellow funded
by the German Academic Exchange Service (DAAD).  He worked full time on the NSF project, focusing on safe linear-programming methods
for the solution of graph coloring problems.
Activities and Findings
Research and Education Activities:
We have carried out studies into the exact rational solution of linear and mixed-integer programming problems.  The studies have focused on
the solution of rational systems of equations, the production of provably accurate cutting planes, the development of accurate dual bounds for
use in branch-and-bound methods for mixed-integer programming, and the handling of irrational objective functions.
Findings:
A major finding is the identification of a simple-to-use method for producing provably-accurate Gomory mixed-integer cutting planes and MIR
cuts, using only floating-point software.  This technique allows the
repeated use of these important classes of cuts within standard integer programming software.  The method is currently being adopted for use in
the CPLEX commercial system and other integer programming solvers.

A second major finding concerns the efficient solution of rational systems of equations.  Our computational results on large-scale sparse
systems indicate an order-of-magnitude speed-up over existing methods.

A third major finding is the creation of a hybrid symbolic-numeric process for computing safe bounds for mixed-integer programming models.
This process has been incorporated into a branch-and-bound solver for the solution of general instances of mixed-integer programming
problems.
Training and Development:
The project has provided the team of PhD students with skills in computational aspects of mixed-integer programming.
Outreach Activities:
I have continued to use my traveling salesman problem web site as a means to communicate new techniques in discrete optimization and
mixed-integer programming.  The number of page views is now over one million per year.  I have also completed a popular account of the TSP
to be published by Princeton University Press, with the title: In Pursuit of the Traveling Salesman: Mathematics at the Limits of Computation. 
The NSF project is cited in the book, and connections to the broad operations research community are discussed.
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This TSP site is used to promote discrete optimization in the general public.  The new material on the solution of the TSP instance pla85900
relates to the exact-rational solver in that provably accurate bounding techniques are used to verify the optimal solution.
Other Specific Products
Contributions
Contributions within Discipline: 
The development of provably accurate Gomory mixed-integer cuts will be adopted in major mixed-integer programming codes. Our current
work on the rational solution of large-scale sparse linear systems may have impact in a number of application areas.
Contributions to Other Disciplines: 
The adoption of accurate Gomory mixed-integer cuts should improve the performance of widely adopted integer programming software, and
this will in turn impact the many disciplines that make use of such computer codes. The efficient codes for the solution of rational systems of
equations will likely find application in the linear algebra community.
Contributions to Human Resource Development: 
I have written a general-interest book devoted to the history, application, and computation of solutions to the traveling salesman problem.
Contributions to Resources for Research and Education: 
 
Contributions Beyond Science and Engineering: 
 
Conference Proceedings
Categories for which nothing is reported: 
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